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Abstract 
Interpreting and simulating hydrological processes need a large number of field saturated soil hydraulic conductivity, 
Kfs, data that should be collected with simple and rapid field experiments. A Simplified method based on a Beerkan 
Infiltration run (SBI method) was recently developed and tested successfully on Burundian soils. With the SBI 
method, a cylinder is inserted to a short depth into the soil and the infiltration time of a few small volumes of water 
repeatedly applied at the surface of the confined soil is measured. Calculating Kfs needs the slope of the linearized 
cumulative infiltration vs. time relationship and an estimate of the so called * parameter. In this investigation, the 
SBI method was validated with reference to a larger dataset, also including different Sicilian soils. The * value of 
first approximation (0.012 mm-1) yielded an estimate of Kfs differing in general by not more than a factor of three 
from the Kfs values obtained by the more complete and onerous BEST (Beerkan Estimation of Soil Transfer 
parameters) procedure of soil hydraulic characterization. The Kfs values obtained with SBI method were also very 
close (means differing by a factor of 1.01) to the ones determined with the One Ponding Depth relationship for the 
single ring pressure infiltrometer technique. Detection of physically plausible relationships between * and the slope 
of the linearized infiltration curve indicated that the measured infiltration process contains the necessary information 
to estimate *. Different * predictive relationships for Sicily and Burundi allowed to obtain estimates of Kfs never 
differing by more than a factor of three from the corresponding values obtained with BEST. The developed method is 
a good candidate method for intensively sampling an area of interest. Points needing developments include tests with 
other datasets, comparisons with independent measurements of both * and Kfs, and maybe development of an 
improved experimental methodology to obtain the infiltration data. 
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1. Introduction 
Interpreting and simulating different hydrological processes, including rainfall partition into 
infiltration and runoff, need a large number of spatially distributed determinations of field saturated soil 
hydraulic conductivity, Kfs, that is a highly variable soil property (e.g., Warrick, 1998). These data should 
be collected in the field to maintain the functional connection between the sampled soil volume and the 
surrounding soil (Bouma, 1982; Lauren et al., 1988). Using small volumes of water, easily transportable 
equipment, and conducting short duration experiments is desirable to determine Kfs at a great number of 
locations over a large area and with a realistic use of resources in terms of time and costs. 
Most field techniques, such as the well permeameter and single ring infiltrometer constant head 
techniques (Reynolds and Elrick, 1986, 1990), rely on the attainment of a quasi steady state flow rate of 
water into the soil. The One Ponding Depth (OPD) approach is one of the simplest means to apply these 
techniques since a single ponded depth of water is established on the infiltration surface (Reynolds and 
Elrick, 1990). However, waiting for flow steadiness can be a practical limit to the field use of 
permeameters and infiltrometers since steady state experiments with a reasonably short duration can only 
be conducted in relatively permeable soils (Elrick and Reynolds, 1992). 
On the basis of the BEST (Beerkan Estimation of Soil Transfer parameters) procedure of soil hydraulic 
characterization (Lassabatère et al., 2006), Bagarello et al. (2012a) suggested to determine Kfs by only a 
transient infiltration process through a soil surface confined by a ring and an estimate of the * 
parameter, expressing the relative importance of gravity and capillary forces during an infiltration process 
(Reynolds and Elrick, 1990). With reference to different Burundian soils having in most cases a clay or a 
clay loam texture, the estimates of Kfs obtained by the proposed method and the * value of first 
approximation for most field soils, i.e. * = 0.012 mm-1 (Elrick and Reynolds, 1992), were significantly 
lower than the ones obtained by BEST. However, the ratio between these two Kfs estimates did not exceed 
a factor of two in the 99% of cases, with a maximum error by a factor of 2.1. Considering that, generally, 
errors in Kfs by a factor of two or three can be considered negligible (Elrick and Reynolds, 1992), 
Bagarello et al. (2012a) suggested that using the * value of first approximation may be attractive from a 
practical point of view. These authors also developed an empirical relationship to predict *, allowing to 
obtain statistically equivalent estimates of Kfs with BEST and the simplified method. 
The general objective of this investigation was to validate the new method for determining Kfs with 
reference to a larger dataset, also including data from different Sicilian soils. The Kfs values obtained by 
the simplified method were compared with the ones determined by BEST and the OPD approach for the 
single ring pressure infiltrometer technique. An attempt to improve the * estimation for Kfs prediction 
was also carried out. 
2. The simplified method for determining field saturated soil hydraulic conductivity 
The simplified method developed by Bagarello et al. (2012a) to determine Kfs is based on a field 
infiltration experiment identical to the one used by the BEST procedure of soil hydraulic characterization 
(Lassabatère et al., 2006). A cylinder is inserted to a short depth into the soil, so to produce a minimal 
disturbance of the porous medium, and the infiltration time of a few small volumes of water repeatedly 
applied at the surface of the confined soil is measured. An experimental cumulative infiltration, I (L), vs. 
time, t (T), relationship including a given number of discrete points (8 to 15 according to Lassabatère et 
al., 2006) is then deduced and used to estimate Kfs (L T-1) by the following relationship: 
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where b1 (L T-1) is the slope of the linearized cumulative infiltration curve, estimated by a linear 
regression analysis of the ( tI / , t ) data and r (L) is the radius of the ring. Therefore, a very simple 
infiltrometric experiment can provide an estimate of Kfs if the * (L-1) parameter is known or it is 
properly evaluated. Additional field and laboratory measurements, such as initial and final soil water 
content, particle size distribution or bulk density, are not strictly necessary. The acronym SBI is suggested 
to denote the method, given that it is a Simplified method based on a Beerkan Infiltration run. 
Eq.(1) is theoretically sound because it combines a physically based infiltration model (Lassabatère et 
al., 2006) with basic relationships between soil variables (Philip, 1957; Reynolds and Elrick, 1990, 
2002a,b). A theoretical limit is that the infiltration model is valid for the transient phase of the infiltration 
process. From a practical point of view, however, the duration of the infiltration run in the field does not 
represent a crucial step of the data analysis procedure based on the infiltration equation by Lassabatère et 
al. (2006) (Bagarello et al., 2011). 
According to the literature, the * parameter can be estimated on the basis of a general description of 
soil textural and structural characteristics (Elrick and Reynolds, 1992). Working with 149 infiltration 
curves collected on Burundian soils, Bagarello et al. (2012a) developed the following relationship 
between * (mm-1) and b1 (mm s-1): 
 
10035002620 bln..*   (2) 
suggesting that the measured infiltration curve contains the necessary information to estimate *. Eq.(2) 
was positively tested with reference to a few sampling points (sample size, N = 9) located in the 
Giampilieri (Eastern Sicily) area, and an increasing relationship between * and b1 was also detected with 
reference to this small dataset alone (Bagarello et al., 2012b). However, eq.(2) needs additional testing 
and possibly developments with other datasets. 
3. Materials and methods 
A relatively large dataset was considered in this investigation by supplementing the data already 
considered by Bagarello et al. (2012a,b) (Burundi, Giampilieri) with data collected at other Sicilian sites, 
mainly located close to Palermo. The complete BEST procedure was applied at a total of 241 sampling 
points, using the same methodology at each point to measure infiltration. In particular, a ring of radius r = 
0.075 m was inserted to a depth, d, of about 0.01 m into the soil surface. A known volume of water (150 
mL) was poured in the cylinder at the start of the measurement and the elapsed infiltration time was 
measured. When the amount of water had completely infiltrated, an identical amount of water was poured 
into the cylinder and the time needed for the water to infiltrate was logged. The procedure was repeated 
until the difference in infiltration time between three consecutive trials became negligible, suggesting a 
practically steady state infiltration. An experimental cumulative infiltration, I, vs. time, t, relationship 
including Ntot discrete points, Ntot being the number of collected (t, I) data, was then deduced. For each 
infiltration run yielding an estimate of Kfs with BEST, denoted by the symbol KfsB, a linear regression 
analysis of the ( t , ) data was carried out to obtain b1 of eq.(1). The infiltration runs showing a tI /
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linear tI /  vs. t  relationship, with the exception at the most of the first few data points (Bagarello et 
al., 2012a), were included in the considered dataset in this investigation. 
At first, three estimates of Kfs for a sampling point were compared, i.e. KfsB, KfsS and KfsRE, where KfsS 
denotes the conductivity obtained with the SBI method and KfsRE is the Kfs value calculated by the OPD 
relationship for the single ring pressure infiltrometer technique (Reynolds and Elrick, 1990). An estimate 
of quasi steady state infiltration rate, is (L T-1), was available for each infiltration run, being also 
necessary to apply BEST. The ponded head of water on the infiltration surface, H (L), was not really 
constant during the run but it did not varied substantially, decreasing from a maximum of 0.011 m to zero. 
The average of these two extreme values was assumed for H in the KfsRE calculation, also considering that 
numerical tests done with a variable head at the soil surface gave essentially the same results as those 
with the mean constant head (Touma et al., 2007). Eq.(36) by Reynolds and Elrick (1990) was used to 
calculate the shape factor, G, as a function of d/r. This equation was developed for 0.03 < d < 0.05 m and 
0.05 < H < 0.25 m. Therefore, an uncertain G estimate cannot be excluded although other investigations 
suggested a wider validity of the equation (Youngs et al., 1993). The same value of *, equal to the first 
approximation value (i.e. * = 0.012 mm-1), was used for the KfsS and KfsRE calculations. By this choice, 
differences between KfsS and KfsRE were not attributable to a different choice of * and the comparison 
allowed to establish what happens when a calculation approach using a rough estimate of * (KfsS, KfsRE) 
is used instead of a more complicated and theoretically robust procedure (KfsB). A two tailed paired t test 
was used to establish the statistical significance of the differences between two datasets at P = 0.05. A 
linear regression analysis of two sets of Kfs data was also carried out. Statistical significance of the 
correlation coefficient, R, was assessed by an one tailed t test (P = 0.05). The 95% confidence intervals 
for the intercept and the slope were also calculated to compare the regression line with the identity one. 
An attempt to improve estimation of the * parameter of eq.(1) was then carried out by applying the 
procedure described in greater detail by Bagarello et al. (2012a) to the Sicilian dataset. In particular, 
different * vs. b1 relationships (linear, power, logarithmic) were considered and the SOLVER routine of 
the Microsoft Excel software (Microsoft Company, Redmond, WA, USA) was used to determine the two 
unknown parameters of a given * = f(b1) relationship. The objective function to be minimized was 
defined as the sum of the squared differences between KfsS and KfsB. The sum of the absolute relative 
differences between the two variables was also minimized, taking into account that the percentage 
difference between the estimated and the true value of Kfs has generally more practical interest than the 
absolute error. Six scenarios were therefore considered, i.e. three shapes of the * vs. b1 relationship × 
two objective functions. 
Table 1. Sample size (N), minimum (min), maximum (max), mean (M), median (Md) and coefficient of variation (CV in %) of the 
clay (cl), silt (si) and sand (sa) percentages, the dry soil bulk density ( b), the duration of the infiltration process (di), the number of 
applied water volumes (Nv), the coefficient of determination (R2) of the linear regression line between tI  and / t , I being the 
cumulative infiltration and t the time, and the slope (b1) of the linearized cumulative infiltration curve for the Sicilian dataset. 
Statistic cl (%) si (%) sa (%) b (g cm-3) di (s) Nv R2 b1 (mm s-1) 
N 34 34 34 37 43 43 43 43 
min 14.1 15.4 14.2 0.865 155 9 0.911 0.0018 
max 58.1 37.5 67.5 1.716 20031 20 0.999 0.669 
M 26.6 26.1 47.2 1.076 1839 15.1 0.983 0.199 
Md 18.7 27.3 53.1 1.074 573 15 0.991 0.173 
CV 50.7 26.5 38.0 12.9 202.5 12.9 2.0 75.4 
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4. Results and discussion 
The Sicilian soils considered in this investigation differed appreciably by the clay, cl, silt, si, and sand, 
sa, percentages (USDA classification) and the dry soil bulk density, b (Table 1). The soil texture was 
clay loam, sandy loam and, in a few cases, clay. Therefore, the database was representative of different 
physical conditions and it was considered to be appropriate for reliably testing and developing the SBI 
method. The infiltration runs selected for this investigation were 192 (i.e. 80% of the total) since the 
BEST procedure failed or a linear relationship between tI /  and t  was undetectable for 49 runs. In 
particular, 149 and 43 valid runs were carried out in Burundi and in Sicily, respectively. For the valid runs 
carried out in Sicily, Table 1 summarizes the run duration, di, the number of applied water volumes, Nv, 
the coefficient of determination, R2, of the linear relationship of tI /  vs. t , and the slope of the 
linearized cumulative infiltration curve, b1. Bagarello et al. (2012a) gave a similar information for the 
Burundian dataset. On average, the initial 1.7 (for Burundi) and 0.9 (for Sicily) points were excluded 
from the fitting of the data with the linearized infiltration model. The initial perturbation of the infiltration 
process under both saturated and unsaturated conditions has been attributed to several factors such as 
hydrophobicity, initial air entrapment in the soil, or turbulence of the applied water volumes (Carrick et 
al., 2011; Minasny and McBratney, 2000; Nimmo et al., 2009; Wu et al., 1999). 
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Fig. 1. Comparison between the field saturated soil hydraulic conductivity, Kfs, values obtained by the One Ponding Depth (OPD) 
approach, the BEST procedure of soil hydraulic characterization and the SBI method for the complete set of Sicilian and Burundian 
data (sample size, N = 192). 
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The mean KfsS and KfsRE values were very similar (i.e. differing by a negligible factor of 1.01) and not 
significantly different (Table 2). The medians also differed by a negligible factor of 1.07. The SBI method 
yielded more variable results than the OPD approach but the two coefficients of variation (CV = 66 and 
74%) differed by a few percentage units. The KfsS and KfsRE values were significantly correlated (R2 = 
0.941) and the regression line was close to the identity line (Figure 1). However, the calculated 95% 
confidence intervals for the intercept and the slope varied from -0.009 to -0.003 and from 1.04 to 1.11, 
respectively, suggesting that the two lines did not coincide. A negative intercept of the regression line and 
a slope greater than one indicate a tendency of the SBI method to yield lower (higher) values than the 
OPD approach for low (high) Kfs values. Taking into account that the two methods differ by the 
considered portion of the infiltration run (final data for the OPD approach, all data for the SBI method), 
possible factors determining this tendency might include overestimation of quasi steady flow rate in low 
permeability soils and changes in the soil particle arrangement at the infiltration surface due to the 
repeated pouring of water. In any case, the two estimates of Kfs at a sampling point differed at the most by 
a factor of 2.3 and this difference did not exceed a factor of 2 in the 99% of the cases. Therefore, the two 
calculation procedures of Kfs were very similar, supporting the soundness of the developed SBI method. 
On average, KfsB was significantly greater than both KfsS and KfsRE (Table 2). A statistically significant 
correlation was detected between KfsB and both KfsS (R2 = 0.777) and KfsRE (R2 = 0.838) but the regression 
lines (Figure 1) differed significantly from the identity line, given that the 95% confidence intervals for 
the intercept and the slope were equal to -0.0006 – 0.011 and 0.67 – 0.78, respectively, for the KfsS vs. KfsB 
relationship, and to 0.006 – 0.15 and 0.63 – 0.72, respectively, for the KfsRE vs KfsB relationship. For both 
simplified approaches (SBI, OPD), the difference between the Kfs estimate and KfsB did not exceed a 
factor of two and three in the 96.4 and 98.4% of the cases, respectively. The maximum difference was by 
a factor of 13.4 for the OPD approach and of 6.4 for the SBI method. Therefore, the OPD data were better 
correlated with the BEST ones, but the results of the SBI method were closer to the data obtained with the 
complete BEST procedure. The fact that, for the majority of the sampling points, the difference between 
KfsB and both KfsS and KfsRE did not exceed a factor of three suggested that both simplified methods with a 
rough estimation of * can be used to obtain at least a first approximation value of Kfs. The SBI method 
appears to be marginally preferable to the OPD approach since the maximum departure from the more 
complete method was lower in the former case. 
Table 2. Minimum (min), maximum (max), mean (M), median (Md), and coefficient of variation (CV, in %) of the field saturated 
soil hydraulic conductivity, Kfs (mm s-1), values obtained with the BEST procedure of soil hydraulic characterization (KfsB), the OPD 
approach (KfsRE) and the SBI method (KfsS) (sample size, N = 192). 
Statistic BEST procedure, KfsB OPD approach, KfsRE SBI method, KfsS 
min 0.0001 0.0013 0.0009 
max 0.346 0.236 0.337 
M 0.088 (a) (b) 0.070 (a) c 0.069 (b) c 
Md 0.073 0.058 0.054 
CV 70.8 66.1 74.1 
The values in a row followed by the same lower case letter enclosed in parentheses were significantly different according to a paired 
two tailed t test (P = 0.05). The values followed by the same lower case letter not enclosed in parentheses were not significantly 
different. 
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For the Sicilian dataset, an increasing * vs. b1 relationship, as expected (Bagarello et al., 2012a), was 
obtained for all considered shapes (linear, power, logarithmic) only when the objective function was 
defined in terms of absolute relative differences between KfsS and KfsB. With both the linear and the power 
relationship between * and b1, i) the correlation of KfsS against KfsB was statistically significant, ii) the 
two datasets did not show significant differences, and iii) the linear regression line between KfsS and KfsB 
was not significantly different from the identity line (Table 3). The maximum difference between KfsS and 
KfsB was lower with the linear * vs. b1 relationship (factor of 3.2) than the power one (factor of 5.8). A 
factor of 3.2 is very close to the maximum factor of difference that can be considered negligible from a 
practical point of view (Elrick and Reynolds, 1992). Therefore, the following relationship was considered 
to yield satisfactory conductivity predictions for the considered Sicilian dataset according to the selected 
criteria: 
 
016000520 b..*   (3) 
Figure 2, comparing KfsB with the corresponding values of KfsS obtained by eqs.(2) (Burundi) and (3) 
(Sicily), suggests a satisfactory agreement between the two datasets.  
Applying eq.(3) in the experimental range of b1 (0.0018 < b1 < 0.669 mm s-1) yielded * values 
varying from 0.0052 to 0.016 mm-1 (mean = 0.008 mm-1). According to the textural characteristics of the 
sampled Sicilian soils, the value of * to be chosen from the list by Elrick and Reynolds (1992) would be 
0.004 or 0.012 mm-1. These values were not very different from the ones obtained with the Sicilian 
dataset, which can be viewed as an independent support to the applicability of eq.(3) in soils of temperate 
climates.  
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Fig. 2. Comparison between the field saturated soil hydraulic conductivity, Kfs (mm s-1), values obtained with the BEST procedure 
of soil hydraulic characterization and the SBI method with the * parameter estimated as a function of the slope of the linearized 
cumulative infiltration curve (sample size, N = 149 for Burundian soils and N = 43 for Sicilian soils). 
Eqs.(2) and (3) yielded clearly different * estimates (Figure 3), with the former equation 
overestimating * by a factor varying with b1 (0.002 < b1 < 0.43 mm s-1) between 1.9 and 2.7. A 
difference between the * relationships appears plausible since temperate and tropical soils show 
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chemical and physical differences (Tomasella and Hodnett, 2004) including, for example, lower bulk 
densities for the tropical than the temperate soils (Hodnett and Tomasella, 2002). For both soil types, 
however, the measured infiltration curve contained the necessary information to estimate *. 
Table 3. Minimum (min),  maximum (max),  mean (M), and coefficient of variation (CV in %) of the field saturated soil hydraulic 
conductivity, Kfs (mm s-1), data obtained at N = 43 Sicilian sampling points, and parameters of the linear regression line between KfsS 
(SBI method) and KfsB (original BEST procedure). 
Error Variable *=f(b1)  
relationship 
min max M CV Intercept Slope R2 
Max < 2 < 3 
Kfs,B  0.00015 0.272 0.097 a b c 80.0       
Kfs,S linear 0.00047 0.420 0.088 a 96.8 -0.003 (-0.025 – 0.019) 0.937 (0.759 – 1.114) 0.734 3.2 83.7 95.3
 power 0.00023 0.356 0.087 b 88.0 0.003 (-0.015 – 0.021) 0.865 (0.718 – 1.013) 0.773 5.8 86.0 95.3
 logarithmic 0.00015 0.328 0.087 c 83.2 0.007 (-0.010 – 0.023) 0.821 (0.686 – 0.956) 0.786 9.3 86.0 95.3
The assumed shape of the relationship between * and the slope, b1, of the linearized infiltration curve is reported in the “ *=f(b1) 
relationship” column. Means followed by the same lower case letter were not significantly different according to a two tailed, paired 
t test (P = 0.05). Values in parenthesis in the “Intercept” and “Slope” columns are the 95% confidence intervals for the two 
parameters. Max in the “Error” columns is the maximum factor of difference between the two estimates of Kfs. The percentage of 
cases with a factor of difference not exceeding two and three is given in the “< 2” and “< 3” columns, respectively. 
This investigation confirmed that a rather generic estimate of the * parameter ( * = 0.012 mm-1) can 
be used to obtain a plausible estimate of Kfs. However, the choice of this parameter should not be 
undervalued because only an improved estimating procedure allowed to obtain KfsS values that were not 
statistically different from the KfsB ones. Moreover, only in this last case the maximum difference between 
the two variables did not exceed a practically negligible level.  
In this investigation, the choice to use KfsB as a benchmark was due to the fact that comparing Kfs 
measurement methods is uncertain (Reynolds et al., 2000) and KfsB was determined on the basis of the 
same experimental information used to derive KfsS and KfsRE. Obviously, developing more confidence on 
the SBI method implies additional investigations that should be carried out with other datasets and also 
with independent measurements of both * and Kfs. It would also be advisable to more clearly define 
factors determining the observed departures of the tI /  vs. t  data from the expected linear behavior. 
From a practical point of view, field data allow to make a prediction on the local applicability of the 
procedure, that can be evaluated by the linearity of the data points. The experimental procedure used to 
collect a set of (t, I) data at a given sampling point also needs testing and maybe developments. The 
reason is that BEST, the SBI method and the OPD approach theoretically assume that a constant pressure 
head > 0 is maintained on the infiltration surface of a rigid porous medium. Pouring water when the 
previously applied amount had completely infiltrated may promote air entrapment phenomena in the 
sampled soil volume and may also favor soil structure alteration phenomena at the infiltration surface. 
Therefore, the impact of the suggested procedure, that has the obvious advantage of being very simple, on 
the soil hydraulic characterization should be specifically taken into account. At this aim, comparisons 
with infiltration runs carried out by steadily maintaining a small (i.e., close to zero) depth of water on the 
infiltration surface should be developed. 
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Fig. 3. Relationships between the * parameter and the slope of the linearized cumulative infiltration curve, b1, obtained for 
Burundian and Sicilian soils. 
5. Conclusions 
The investigation confirmed that an approximate evaluation of field saturated soil hydraulic 
conductivity, Kfs, can be carried out by a simple methodology needing a minimal experimental effort. A 
cylinder is inserted to a short depth into the soil and the infiltration time of a few small volumes of water 
repeatedly applied at the surface of the confined soil is measured. Calculating Kfs needs to determine the 
slope of the linearized cumulative infiltration vs. time relationship and to estimate the * parameter. The 
acronym SBI was used to denote the method, given that it is a Simplified method based on a Beerkan 
Infiltration run. 
An * = 0.012 mm-1, suggested as the value of first approximation for most agricultural soils, was 
found to be usable in soils of both tropical and temperate climates to obtain an estimate of Kfs differing in 
general by less than a practically negligible factor of three from the Kfs values obtained by the complete 
BEST procedure of soil hydraulic characterization. Clear similarities were also detected between the SBI 
method and the One Ponding Depth procedure of analysis of single ring infiltration data. 
Detecting physically plausible relationships between * and the slope of the linearized infiltration 
curve suggested that the infiltration data contained the necessary information to estimate *. The 
developed * predictive relationships, differing between tropical and temperate climate soils, allowed to 
reduce the maximum discrepancies between different Kfs estimates. 
Additional data should be collected to improve the robustness of the * predictive relationship. Other 
points needing developments include comparisons with independent measurements of both * and Kfs, a 
more clear definition of the factors determining an anomalous behavior of the first part of the linearized 
cumulative infiltration curve, and maybe development of an improved experimental methodology to 
obtain an infiltration dataset, i.e. reducing the risk of air entrapment and soil disturbance phenomena. The 
developed method is cheap, rapid and parsimonious in terms of both the devices that have to be 
transported and the measurements that have to be carried out in the field. Therefore, it is a good candidate 
method for intensively sampling an area of interest with a practically sustainable experimental effort. 
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